The characteristics of pairwise entanglement and local polarization (LP) are discussed by studying the ground state (states) of the Heisenberg XX model. The results show that: the ground state (states) is (are) composed of the micro states with the minimal polarization (0 for even qubit and 1/2 for odd qubit); LP and the probability of the micro state have an intimate relation, i.e. the stronger the LP, the smaller the probability, and the same LP corresponds to the same probability; the pairwise entanglement of the ground state is the biggest in all eigenvectors. It is found that the pairwise entanglement is decreased by the state degeneracy and the system size. The concurrence approaches a fixed value of about 0.3412 (for odd-qubit chain) or 0.3491 (for even-qubit chain) if the qubit number is large enough.
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Heisenberg XX model, local polarization, pairwise entanglement Quantum entanglement plays an important role in modern physics. It is not only used to test some fundamental questions of the quantum mechanics and quantum information processing but also widely employed in sensitive interferometric measurements, such as quantum lithography [1] , quantum optical gyroscope [2] , quantum clock synchronization and positioning [3] , frequency metrology [4] , and the study of strongly correlated quantum systems [5] . Special attention should be paid to the relation among the ground-state entanglement, quantum phase transition [6] , Mott insulator-superfluid transition and quantum magnet-paramagnet transition. All of these applications are largely dependent on how to produce entanglement. Now, many physical systems may realize entanglement, such as photons [7] , trapped ions [8] (or trapped atoms [9] ), crystal lattices [10] , Josephson junctions [11] and Bose-Einstein condensates [12] . It becomes more interesting to investigate the law of entanglement in new systems.
Spin chain is a natural candidate for producing pairwise entanglement. It has been used to construct a quantum computer [13] , C-NOT gate [14] , swap gate [15] and quantum communication [16] [17] [18] .
For the pairwise entanglement, most work focused on how to control and maximize it, in which the effective factors are temperature, interchange coupling [15, 19] , magnetic field and system impurity [20] [21] [22] . The valuable conclusion is based on a few qubits cases. In fact, the chain length is also an effective factor to the pairwise entanglement. Koashi et al. showed [23] that the entanglement extremum of any pair qubits of a N-qubit symmetric state is 2/N. Connor et al. [24] discussed the effect of the qubit number on the pairwise entanglement under certain conditions (the state |ψ 〉 of the ring being an eigenvector of the z-component of total spin, and the spins of neighboring particles being reverse). Although the above work is important, it is not enough to completely investigate the properties of entanglement. Other questions are also worth studying, for example, how does the macro quantity, such as total spin, local polarization (LP) and length of chain, affect the pairwise entanglement? In this paper, we will study how the total spin, LP and length of chain affect the pairwise entanglement in Heisenberg XX model. The results could deepen the understanding of entanglement, and give some useful guidance for the solid system experiments. For convenience, firstly we review some basic concepts about pairwise entanglement, and also give some notations in the present paper. Concurrence C, ranging from zero to one [25, 26] , is monotonically related to entanglement of formation, and is easy to calculate, so it is always used as the measurement of entanglement. ρ is the density matrix, 12
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Eigenvalues and eigenvectors
The most important step of calculating concurrence 12 C is how to get the eigenvalues and eigenvectors of the system. Usually, supposing In order to overcome such a difficulty, a new approach is needed to reduce the coefficients in the eigenvectors. As known, in the four-and five-qubit case, the ground states of the ferromagnetic and anti-ferromagnetic area are all composed of the micro states which have minimal total spin 1/2 (for odd qubit) or 0 (for even qubit); the similar micro states have the same probability. So we gener-
